The usefulness of adjuvant chemotherapy (CMT) in patients with Stage IIA colon cancer remains unclear. The present study aimed to investigate extramural extension as an indicator for adjuvant CMT. Data were reviewed from 202 consecutive patients with Stage IIA colon cancer that underwent curative surgery between 1995 and 2007. The distance of the extramural extension (DEE) was measured histologically. The optimal prognostic cut-off point of the DEE for oncologic outcomes was statistically determined. The eligible surviving patients had been followed for a median period of 75 months (range: 2-210 months). Patients were subdivided into two groups according to the optimal cut-off point; DEE 5 mm (pT3a) and DEE >5 mm (pT3b). The pT3b was the most powerful independent risk factor for postoperative recurrence (P ¼ 0.0324, HR: 3.04, 95% CI: 1.098-8.408), and was significantly correlated with distant metastasis (P ¼ 0.0161 HR: 5.19, 95% CI: 1.765-15.239). The recurrence-free and cancer-specific 5-year survival rates in patients with pT3b were significantly lower than in patients with pT3a (81.5% vs. 95.4%, P ¼ 0.0003 and 85.9% vs. 97.4%, P ¼ 0.0007, respectively). pT3b could be an important risk factor for distant metastasis in Stage IIA colon cancer. Postoperative adjuvant CMT may be indicated for patients with pT3b.
INTRODUCTION
Colorectal cancer is the third-leading cause of cancer mortality in Japan [1] . Although surgical treatment is the best approach to cure colorectal cancer, postoperative recurrence occurs in some patients after curative resection. The most important prognostic factor for recurrence and survival is the stage of disease, which is determined by the TNM7th staging system [2] . Among colon cancers, 30-40% of patients are diagnosed as Stage II disease [3] , and these patients have a good prognosis with a 5-year survival rate of approximately 80% after surgery alone [4, 5] . In other words, 20% have a worse prognosis. Postoperative adjuvant chemotherapy (CMT) is essential for these patients to prevent postoperative recurrence and to improve survival, whereas the American Society of Clinical Oncology (ASCO) and the National Comprehensive Cancer Network (NCCN) treatment guidelines do not recommend the routine use of adjuvant CMT for Stage II colon cancer patients. On the other hand, ASCO and NCCN guidelines do state that adjuvant CMT could be considered for patients with high risk factors, including T4 tumor leading to obstruction, perforation, and for patients with fewer than 12 lymph nodes [6, 7] . However, the high risk factors of Stage II colon cancer have not yet been determined. Therefore, it is important to identify which patients with Stage II colon cancer are at a higher risk of recurrence and have a poorer prognosis following curative resection. Here, we have investigated the distance of extramural extension (DEE) which has not yet been included as being among the high risk factors of Stage II colon cancer. Recently, a distance of mesorectal extension more than 4 mm has been reported as a higher risk factor for distant metastasis in Stage IIA rectal cancer [8, 9] . However, the prognostic significance of DEE in Stage IIA (pT3N0) colon cancer remains unclear. The aim of the present study was to investigate the significance of DEE for postoperative recurrence and to select patients requiring postoperative adjuvant CMT.
MATERIALS AND METHODS
All protocols contained within this study were approved by the local Institutional Review Board. Between 1995 and 2007, patients with a colon cancer underwent curative surgery at Kurume University Hospital. Data of 202 consecutive Stage IIA (pT3N0) colon cancers including rectosigmoid colon were derived from our computerized database (CDB) which was established in 1982. All patients were prospectively registered into the CDB and had histologically confirmed adenocarcinoma in the present study. None of the patients had received radiotherapy or neoadjuvant CMT prior to operative management in this study. Histologically defined curative surgery (R0) was performed in each patient by well-trained five colorectal surgeons, and colon resection was performed with standard regional lymph nodes dissection according to the rules defined by the Japanese Society for Cancer of the Colon and Rectum (JSCCR) [10] . The root of the ileocolic, right colic, and middle colic artery was cut in cecum, ascending colon, and transverse colon cancer, respectively, and the root of the inferior mesenteric artery was cut in descending, sigmoid colon, and rectosigmoid colon cancer.
The surgical quality including longitudinal and circumferential resection margins (CRM) was independently evaluated by expert surgeons and local pathologists according to the rules defined by the JSCCR. The CRM positive case was not included in this study. The baseline characteristics of patients and tumors are shown in Table I . The mean number of retrieved lymph nodes was 32 AE 19 (median: 28, range: 5-117). In 20 patients (10%), the number of retrieved lymph nodes was less than 12. Postoperative CMT was administered without standardized protocol for 76 patients (37.6%) who had traditional risk factors such as moderately-poorly differentiation, moderatemarked lymphatic and venous invasion. Peroral 5-fluorouracil (5-Fu) based anti-cancer agents including doxifluridine (5 0 DFUR), 1-hexylcarbamoyl-5-fluorouracil (HCFU), or uracil-tegafur (UFT) were most frequently used.
The clinicopathological data and follow-up system were based on the rules defined by the JSCCR. Patients were re-staged according to the pathological TNM classification (7th edition) [2] . Follow-up studies were also conducted in patients and consisted of measurement of serum tumor marker, chest X-ray, and abdominal ultrasound examination every 3 months for the first 3 years, and then every 6 months for the following 2 years. When recurrence was suspected based on the serum tumor marker and/or ultrasonography, the final diagnosis was made using computerized tomography (CT) and/or magnetic resonance imaging (MRI) and other diagnostic tools.
Distant metastasis included hematogenous metastases to the liver, lung, bone, brain, kidney, or other organs. Local recurrence was defined as a single tumor within the initial operation field. Peritoneal dissemination was defined as intra-abdominal multiple tumors with or without ascites. Lymph node recurrence was defined as intra-abdominal, para-aortic, subclavicular, and mediastinal lymph node metastases. These recurrence tumors were radiologically confirmed and/or histologically proven.
The outcomes of all patients were precisely investigated. As of January 1995, the eligible surviving patients had been followed for a median period of 75 months (range: 2-210 months).
Measurement of Distance of Extramural Extension
All surgically resected specimens were opened along the anti-tumor side. They were fixed in 20% formalin for at least 48 hr after pinning to a wooden or cork board. Next, one or more longitudinal sections of the tumor were sliced at the point of maximum extramural invasion. They were embedded in paraffin after division into blocks of suitable size, and were then routinely processed for staining with hematoxylin and eosin and elastica Van Gieson. Using these sections, the tumors in the pT3 category were subdivided based on the histological measurement of the maximum depth (mm) of invasion beyond the outer border of the muscular layer (i.e., DEE). The measurement was determined without prior knowledge of patient clinical information. When the outer border of the muscular layer was completely identifiable (sometimes identifiable as fragments of muscle), the distance from the outer border of the muscular layer to the deepest part of the invasion was measured (Fig. 1a) . When the outer border of the muscular layer was not entirely identifiable due to destruction by invasion or excessive inflammatory reaction, an estimate of the outer border was obtained by drawing a straight solid line between both break points in the muscular layer (Fig. 1b) .
This methodology was established as a standardized measurement by the pathological workshops held by six specialized pathologists belonging to the JSCCR [9] , but external pathological review was not performed in the present study, because one of the authors (KS) is a surgeon who is familiar with surgical pathology.
Statistical Analysis
Statistical analysis was performed using StatView (version 5.0) for Windows. All clinicopathological independent variables (15 items) were coded for analysis. , and survival (alive: 0, dead: 1) were coded as dependent variables. Cox regression analysis was used to determine independent risk factors for overall postoperative recurrence and the optimal cut-off point of the DEE for recurrence-free survival. The Kaplan-Meier method and the log-rank test were used for calculating survival rates. The level for statistical significance was determined at P < 0.05, and the confidence interval (CI) was determined at the 95% level.
RESULTS

Histogram of the Distance of Extramural Extension
The mean DEE for the 202 cases of Stage IIA (pT3N0) colon cancer was 4.7 AE 4.6 mm (median: 4.0 mm; range: 0.1-40 mm).
Cut-Off Points of Distance of Extramural Extension for
Recurrence-Free Survival
Results from the Cox regression and log-rank analyses for recurrence-free 5-year survival are summarized in Table II . A cut-off value of 5 mm showed the lowest P-value (P ¼ 0.0003) and highest hazard ratio (HR) of 4.71, when this cut-off point was compared with other cut-off points. A cut-off value of 5 mm had the greatest influence on recurrence-free survival at 5 years. Therefore, the best prognostic cutoff point for DEE was determined as 5 mm, and Stage IIA patients were stratified into two categories according to this value (DEE 5 mm: pT3a, and DEE >5 mm: pT3b). 
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Independent Risk Factors for Postoperative Overall Recurrence
Univariate analysis showed that CEA level (P ¼ 0.0622), gross type (P ¼ 0.0003), circumference of tumor (P ¼ 0.0105), lymphatic invasion (P ¼ 0.0735), perineural invasion (P ¼ 0.0408), and DEE (P ¼ 0.0003) were high risk factors for overall postoperative recurrence and recurrence-free 5-year survival rate (Table III) . Of those, the DEE was extracted as the most powerful independent risk factor by multivariate analysis (HR 3.04, 95% CI: 1.098-8.408, P ¼ 0.0324).
Postoperative Recurrence After Curative Surgery
The first site of recurrence after curative resection is shown in Table IV . Twenty patients (9.9%) had postoperative recurrences including 12 patients (19.4%) in pT3b category (P ¼ 0.0062). Lung metastasis occurred at a higher rate of 6.5% (P ¼ 0.0083). As shown in Table V , Cox regression analysis showed that distant metastases including liver and/or lung occurred at a significantly higher rate (16.1%) in pT3b category (HR: 5.19, 95% CI: 1.765-15.239, P ¼ 0.0028).
Treatment for Postoperative Recurrence and Survival
Radical salvage surgery (R0) including pulmonary and/or liver resection was performed in nine patients followed by 5-Fu based CMT. Eleven patients received 5-Fu based CMT, radiotherapy, and best supportive care. The 5-Fu based regimen included UFT þ UZEL (leucovorin), TS-1 (tegafur-gimeracil-oteracil potassium), CPT-11 (irinotecan) þ 5 0 FUDR (doxifluridine), FOLFOX (folinic acidfluorouracil-oxaliplatin), and/or FOLFIRI (folinic acid-fluorouracilirinotecan) with or without bevacizumab. As shown in Figure 2 , the 5-year-survival rate in patients (n ¼ 9) with radical salvage surgery þ CMT was higher than that in patients (n ¼ 11) with CMT alone (P ¼ 0.0682, HR: 2.93, 95% CI: 0.871-9.835).
Recurrence-Free and Cancer-Specific Survival Rates
As shown in Figure 3 , the recurrence-free 5-year-survival rate was significantly lower in patients with pT3b than in patients with pT3a (81.5% vs. 95.4%, P ¼ 0.0003, HR: 4.71, 95% CI: 1.875-11.849). In addition, the cancer-specific 5-year-survival rate in patients with pT3b was significantly lower than that in patients with pT3a (85.9% vs. 97.4%, P ¼ 0.0007, HR: 5.84, 95% CI: 1.831-18.632) as shown in Figure 4 .
DISCUSSION
It remains unclear whether or not adjuvant CMT improves prognosis in patients with Stage II colon cancer, because surgery alone is usually curative for Stage II colon cancer. But, postoperative recurrences occur at approximately 20% of these patients, and some patients die of metastatic disease [6] . Some risk factors including T4 tumor, lymphatic permeation, venous invasion, bowel obstruction, perforation, low grade histological differentiation, and the number of retrieved lymph nodes less than 12 have been identified in an attempt to stratify Stage II colon Fig. 1 . Measurement of distance of extramural extension. a: When the outer border of the muscular layer was completely identifiable, the distance from the outer border of the muscular layer to the deepest part of the invasion was measured. b: When the outer border of the muscular layer was not entirely identifiable due to destruction by invasion or excessive inflammatory reaction, an estimate of the outer border was obtained by drawing a straight solid line between both break points in the muscular layer. DEE, distance of extramural extension. cancers as a high risk group. Adjuvant CMT may bring some improvement in survival rate in some patients of this group. However, many of these factors might lack utility and reliability. The 7th edition of TNM staging system [2] gives the strong predictors for prognosis in colorectal cancer. The recurrence rate of Stage II colon cancer is reported to range from 7.9% to 22%, and the 5-year survival rate, to range from 75% to 92% [4, 11, 12] , similar to our results. For further improvement in prognosis, it is important to identify the highest risk factor for recurrence following curative resection. The aim of the present study was to investigate DEE in Stage IIA (pT3N0) colon cancers as a convenient indicator for postoperative recurrence, and for selecting patients for adjuvant CMT.
Cawthorn et al. [13] advocated stratifying mesorectal extension using a cut-off point of 4 mm in 1990, and subsequently, the International Union Against Cancer (UICC) proposed an optional cut-off point for mesorectal extension in the pT3/pT4 tumors [14] . Thereafter, several studies have described prognostic heterogeneity in patients with pT3 rectal cancers, and they used different cut-off points which varied from 2 to 8 mm [15] [16] [17] [18] [19] [20] [21] . These cut-off points showed a prognostic significance except for a cut-off point of 3 mm [20] . A recent multi-institutional study carried out by our group demonstrated that a cut-off point of 4 mm could best independently delineate adverse prognosis of Stage IIA (pT3N0) rectal cancers [8, 9] .
As to colon cancer, in 2001, the Erlangen Registry of Colorectal Carcinoma (ERCRC) and Study Group for Colorectal Carcinoma (SGCRC) Studies subdivided extramural invasion into two groups ( 15 and >15 mm) according to the histological measurement, and reported its noticeable importance as a prognostic indicator although no statistical significance was shown by multivariate analysis [22] . However, the heterogeneity of pT3 concerning lymph node and distant metastases was reported when pT3 was subdivided into four groups; pT3a (<1 mm), pT3b (1-5 mm), pT3c (>5-15 mm), and pT3d (>15 mm) [23] . Another investigator has reported that the extramural invasion >1 cm was associated with a high-risk of recurrence by univariate analysis, but no prognostic significance was shown by multivariate analysis [24] .
In the present study, the best cut-off point of DEE predicting postoperative recurrence was 5 mm, and DEE >5 mm (pT3b) was the most powerful independent risk factor for postoperative recurrence by multivariate analysis, different from other reports [22, 24] . These discrepancies may be caused by the differences in tumor malignancy, cohort, sample size, and statistical techniques. 
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Preoperative CEA, gross type, circumference of tumor, lymphatic invasion, and perineural invasion were relatively associated with postoperative recurrence, similar to other reports [25] [26] [27] . However, histology, preoperative ileus, venous invasion, and the number of retrieved lymph nodes <12 were not correlated with postoperative recurrence, different from other reports [26, [28] [29] [30] . Detailed clinicopathological examination, long-term follow-up, and optimal statistical analysis might have caused these results.
An increased DEE may be associated with undetectable lymphovascular invasion and microtumor deposits in the extramural adipose tissues, which increase the risk to distant and/or lymph node metastases, as suggested by another investigator [23] . Especially, the pT3b category in Stage IIA colon cancer seems to be a heterogeneous group which is strongly associated with distant metastases (Table IV) , similar to that of Stage IIA rectal cancer [8, 9] . This is because the mechanism of distant metastases may be each similar in the Stage II disease, but different from that of local recurrence often caused in the Stage III disease and by positive circumference resection margin.
The DEE can be easily evaluated on a histological glass slide with efficient cost benefit and without technical complexity. Therefore, DEE is a useful and convenient predictor for postoperative recurrence and survival. A sub-classification based on a 5-mm cut-off point may improve the utility of the TNM 7th staging system. However, these findings raise questions regarding the optimal management of pT3b (DEE >5 mm) category in patients with Stage IIA disease. Willett et al. recommended selecting patients for postoperative adjuvant therapy according to the depth of tumor invasion into the perirectal fat [15] . In the present series, between 1995 and 2007, postoperative adjuvant CMT was given perorally to patients who had traditional pathologic risk factors such as tumor differentiation, lymphatic and venous invasion. But, these traditional factors and 5-Fu based adjuvant CMT were not useful for evaluating recurrence and survival. This may be caused by the insufficient treatment strategy. The Quick and Simple and Reliable (QUASAR) trial showed a small survival benefit of 3.6% in Stage II colon cancer using 5-Fu plus leucovorin [31] . Therefore, the subsets of patients who truly benefit from CMT need to be identified. Treatment strategy should be changed and more aggressive adjuvant treatments may be needed for patients with the pT3b category to prevent postoperative recurrence. The MOSAIC (Multicenter International Study of Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant Treatment of Colon Cancer) trial reported that high-risk Stage II colon cancer patients may benefit from adjuvant CMT using oxaliplatin, 5-Fu, and leucovorin (FOLFOX) [32] . Recently, molecular markers such as microsatellite instability/stability appear useful to select high-risk Stage II patients and to guide individualized therapy [33, 34] . However, it may be difficult to decide optimal duration and management of toxicities of the new anti-cancer agents such as FOLFOX, but special attention to the combination of this simple pathological predictor and molecular markers may initiate a new treatment strategy for high-risk Stage II patients, who could benefit from the adjuvant CMT. Additionally, radical salvage surgery after recurrence should be performed to improve survival, if possible.
In conclusion, a DEE value of 5 mm provides the best prognostic cutoff point to stratify patients with Stage IIA colon cancer and predict oncologic outcomes. Postoperative adjuvant CMT may be indicated for patients with pT3b category. Further studies are essential to confirm the reliability and reproducibility of this study and to use this pathological predictor in routine clinical practice. HR, hazard ratio; CI, confidence interval; pT3a, distance of extramural extension 5 mm; pT3b, distance of extramural extension >5 mm. a Non-hematogenous recurrence includes peritoneal dissemination, lymph node metastases, and local recurrence. Fig. 2 . Survival after recurrence. The 5-year survival rate was higher in patients (n ¼ 9) with radical salvage surgery þ CMT as compared to that of patients (n ¼ 11) with CMT alone (P ¼ 0.0682, HR: 2.93, 95% CI: 0.871-9.835). CMT, chemotherapy. Fig. 3 . Recurrence-free survival. The recurrence-free 5-year-survival rate was 81.5% in patients with pT3b, and 95.4% in patients with pT3a. Significant difference was noted between the groups (P ¼ 0.0003, HR: 4.71, 95% CI: 1.875-11.849). pT3a, distance of extramural extension 5 mm; pT3b, distance of extramural extension >5 mm.
